INTRODUCTION {#sec1-1}
============

Periodontal disease is a chronic infection of gingival and the dental supportive structures that is caused by periopathogenic microorganisms and is recognized by extensive damage to the dental supportive structures such as alveolar bone, which is accompanied by forming periodontal pocket and clinical attachment loss. The severity of periodontitis is measured by clinical attachment level (CAL); higher CAL is representative of severe disease.

Periodontal disease occurs in up to 15% of the fertile women and a large proportion of pregnant women.\[[@ref1]\] Thus, researches were carried out on grounds of finding the link between periodontal disease and the complications of pregnancy such as pre-eclampsia. Subsequently, in an article in 2006, Offenbacher *et al*. were among the first who reported the relationship between periodontal disease on one hand and premature labor and low birth weight on the other.\[[@ref2]\]

Pre-eclampsia is one of the hypertensive disorders that occur only during pregnancy and the postpartum period affecting both mother and unborn baby. It is considered as a syndrome and is defined by the classic triad of hypertension, proteinuria and symptoms like swelling/edema esp. in hands and face, headache, visual changes etc.\[[@ref3]\] In general, it occurs after 20 weeks of gestation (in the late 2^nd^ or 3^rd^ trimesters of middle to late pregnancy). Pre-eclampsia and other hypertensive disorders are most common medical complications of pregnancy affecting 5-10% of all pregnancies. These disorders are responsible for 15% of maternal mortality.\[[@ref1]\]

Women with poor periodontal health have increased risk of developing pre-eclampsia compared to those with normal oral hygiene.\[[@ref4]\] Pre-eclampsia and atherosclerosis share some common epidemiologic risk factors and placental pathologic changes similar to atherosclerotic vascular changes have been described.\[[@ref5]\] Endothelial damage in the placental vascular bed may be initiated by a number of mechanisms.\[[@ref6]\] This damage results in oxidative and inflammatory vascular damage, which may ultimately result in the development of pre-eclampsia. The characteristic lesion of pre-eclampsia, which is designated as acute atherosis, is similar to the clinical and pathological alterations of atherosclerotic vascular changes.\[[@ref7]\]

Chronic oral infections have been implicated as causative agents in a variety of systemic illnesses including atherosclerotic cardiovascular disease and cerebrovascular ischemia.\[[@ref8]\] In addition, periodontal disease has also been associated with adverse pregnancy outcomes. Given the similarity between placental vascular damage and atherosclerosis and the potential for chronic oral infection to affect systemic organ systems, we sought to examine whether an association exists between maternal periodontal disease and the development of pre-eclampsia.

Thus this case control study was conducted to (1) assess the risk association between maternal periodontitis and pre-eclampsia before and after matching for known risk factors of pre-eclampsia (maternal age, chronic hypertension and primaparity) (2) to assess the extent and severity of periodontal parameters, such as gingival inflammation, oral hygiene, pocket depth (PD) and CALs.

SUBJECTS AND METHODS {#sec1-2}
====================

The present study was conducted in the Department of Obstetrics and Gynecology of a Medical College and was approved by the Research and Ethical Committee of the same university. Participants were informed of the aims of the study and provided with written informed consent.

An eligible sample was selected based on the availability and accessibility of women in the postpartum period within the 48 h of delivery. Data was collected through subject questionnaires, periodontal examination and medical records.

From May 2008 to October 2008, women 18-35 years of age who gave birth to live infants in the hospital unit were invited to participate in the study. Women were excluded from the study if, they

Were less than 18 years of age without a legal guardianHad gestation period of greater than 26 weeks at the time of enrollmentHad multiple gestation, pre-gestational diabetes and heart murmur or heart valve disease, history of fenfluramine-phentermine use (unless a normal echocardiogram was documented)Had any medical condition requiring antibiotic prophylaxis for dental treatment, human immunodeficiency virus infectionHad suffered a spontaneous abortionHad undergone *in-vitro* fertilization.

Some of these exclusion criteria were adopted because they were determined to be confounders and risk factors for development of pre-eclampsia.\[[@ref9][@ref10]\]

During a 6 month study period of data collection, 40 women were found to be eligible and selected for a case-control study on adverse pregnancy outcomes and maternal periodontitis. Cases and Control assignment were done *post-hoc*. Women were divided into a control group (non-pre-eclamptic group) consisting of 20 non-pre-eclamptic women who gave birth to live term infants weighing \>2500 g and a test-group (pre-eclamptic group) consisting of 20 pre-eclamptic women. Furthermore these 20 pre-eclamptic women were matched for age, chronic hypertension and primaparity with 20 non-pre-eclamptic women in the control group.

Medical data and case definition {#sec2-1}
--------------------------------

Pre-eclampsia was defined as blood pressure ≥140/90 mm of Hg on two separate occasions after 20 week of gestation and ≥1+ proteinuria.\[[@ref4]\] All subjects included in this study were tested for proteinuria, which was defined as protein concentration ≥0.30 g/dl on two separate urine samples taken 6 h apart. Upon a positive result, 24 h urine samples were collected for analysis of quantitative protein excretion during the monitoring period in cases of conservative routine procedures.\[[@ref11]\]

Chronic hypertension was defined as systolic blood pressure ≥140 mm Hg or Diastolic pressure ≥90 mm Hg confirmed by multiple measurements and detected before conception or before 20 weeks of gestation.\[[@ref12]\]

Smoking during pregnancy and alcohol use were defined as self-reported consumption during any trimester of pregnancy.\[[@ref11]\]

Periodontal assessment {#sec2-2}
----------------------

A full mouth periodontal examination was performed with University of North Carolina-15 periodontal probe.

Periodontal Examination was performed in the hospital bed under proper light and infection control conditions. Whenever necessary, teeth were cleaned with sterile gauze for adequate assessment of periodontal parameters. Clinical signs of inflammation, oral hygiene and tissue destruction were assessed by measuring gingival index,\[[@ref13]\] oral hygiene index-simplified index,\[[@ref14]\] PD and CAL respectively. All the parameters were recorded by a single trained examiner.

PD was measured as the distance from the gingival margins to the base of the clinical sulcus or to the base of the probable gingival crevice. CAL was determined as the distance from the cemento-enamel junction (CEJ) to the bottom of the clinical sulcus or to the base of the probable gingival crevice.

For the purpose of this analysis, maternal periodontitis was defined as PD ≥ 4 mm and CAL ≥ 3 mm at the same site on at least 4 different non-neighboring teeth.\[[@ref15]\]

Teeth were excluded from examination if the CEJ could not be determined properly, if they were in the process of eruption, if they had unsatisfactory restoration, extensive carious lesion or fracture or if they were third molars.

Statistical analysis {#sec2-3}
--------------------

Eventually, the data thus obtained was analyzed by paired *t*-test, Chi-square and Mann-Whitney U statistical tests using SPSS 11.5 (Statistical Package for Social sciences, Chicago). *P* \< 0.05 were considered to be statistically significant.

RESULTS {#sec1-3}
=======

Demographic, Medical and Obstetric data for the Test and control groups before matching are detailed in the [Table 1](#T1){ref-type="table"}. The mean age of the sample was 28.52 ± 2.8 years. The Frequency of diabetes mellitus and smoking during pregnancy were low. Primaparity was noted in 35% of the women in the control group and 40% in the test group. The frequency of pre-eclampsia in the sample was 50%. The frequency of Periodontitis was 47.5% in the total sample 30% among non-pre-eclamptic women and 65% among pre-eclamptic women.

###### 

Demographic, obstetric and medical data for pre-eclamptic and non pre-eclamptic women

![](JISP-18-321-g001)

The mean number of sites with PD and CAL ≥ 4 mm or ≥5 mm was significantly greater in the test group \[[Figure 1](#F1){ref-type="fig"}\].

![Mean number of sites with pocket depth and clinical attachment level ≥4 mm and 5 mm in pre-eclamptic and non pre-eclamptic group](JISP-18-321-g002){#F1}

The extent of CAL was 3.57 ± 0.49 mm and 4 ± 0.512 mm in the control group and in the test group, respectively \[[Table 2](#T2){ref-type="table"}\]. Therefore, the Mann-Whitney U-test illustrated that the increase of CAL was higher in the test group than the control group (*P* \< 0.05).

###### 

Periodontal parameters (mean±SD) in test and control in terms of periodontal indices

![](JISP-18-321-g003)

The level of PD was higher in the test group compared with control group, but not statistically significant (*P* \< 1.004) \[[Table 2](#T2){ref-type="table"}\]. The pregnant women in the test group were exposed to more severe periodontal diseases in comparison with the control group and the Chi-square test showed that the difference was statistically significant (*P* \< 0.03) \[[Table 1](#T1){ref-type="table"}\].

The distribution of the people in both groups according to the existence or nonexistence of the periodontal disease and division on the basis of pre-eclampsia \[[Figure 2](#F2){ref-type="fig"}\] is indicated that if women suffer from pre-eclampsia, it is 4.33 times more probable to face the periodontal disease than the healthy women (odds ratio \[OR\] =4.33) \[[Table 1](#T1){ref-type="table"}\].

![The distribution of studied cases according to their conditions of periodontal disease and divided in relation to the condition of pre-eclampsia](JISP-18-321-g004){#F2}

DISCUSSION {#sec1-4}
==========

Maternal clinical periodontal disease at delivery is associated with an increased risk for the development of pre-eclampsia, independent of the effects of maternal age, race, smoking, gestational age at delivery.

This research has shown that women suffering from pre-eclampsia, has higher severity of periodontal disease and these people are 4 times more prone to losing their periodontal attachments. Approximately, all existing studies had similar results if compared with our present study except one that did not confirm the link.\[[@ref16]\] The inclusion and exclusion criteria, in that study were similar to the present study. Nonetheless, the reason for the difference may possibly lie in the different definitions made for the periodontal disease.

In other studies, the relationship between the periodontal disease and the incidence of pre-eclampsia has been reported with different ORs that is in the direction of the present study, despite the fact that in these researches, the existence and the severity of the periodontal disease were defined differently.\[[@ref17][@ref18]\] In one of these studies, the diagnosis of periodontal disease was based on PD and CAL was not taken into account. The OR of this study was 2.1.\[[@ref4]\] In another study, the OR was 3.47.\[[@ref7]\] In a study by Cota, certain intervening variables were not equalized in the case and the control groups including chronic hypertension, smoking and the number of labors. The OR was 1.88 in this study.\[[@ref11]\] In the present study, an OR of 4.33 had resulted and it was higher than the aforesaid researches.

A parallel between the pathophysiologic consequences of pre-eclampsia and atherosclerotic disease has been suggested.\[[@ref19]\] Atherosclerosis, like pre-eclampsia, is associated with endothelial dysfunction, which may be caused by oxidative stress and subsequent lipid peroxidation, hyperlipidemia, or hyperhomocysteinemia. Several other epidemiologic factors predispose to the development of both atherosclerosis and pre-eclampsia such as obesity, black race and preexisting hypertension. However, despite the similarities between atherosclerosis and pre-eclampsia, little is known about potential common putative factors.

Periodontal disease, a chronic oral Gram-negative infection, has been associated with atherosclerosis, thromboembolic events and hypercholesterolemia. In addition, oral pathogens have been detected in atherosclerotic plaques, where they can play a role in the development and progression of atherosclerosis leading to coronary vascular disease.\[[@ref20]\] Periodontal disease may provide a chronic burden of endotoxin and inflammatory cytokines, which serve to initiate and exacerbate atherogenesis and thrombogenesis. It is possible that the placenta may be similarly burdened in pregnant women who develop pre-eclampsia.

In our study, mean gingival inflammation was more in pre-eclamptic group which indicates gingival inflammation could cause systemic inflammation leading to excessive production of inflammatory cytokines.\[[@ref21]\]

Periodontal pockets and loss of CALs are clinical signs of existence of periodontal inflammation and putative periodontal pathogens within periodontal tissues. Presence of both these signs predisposes a patient to the increased amount of bacterimia during daily activities such as mastication, tooth brushing, dental flossing etc.\[[@ref22]\] Both these parameters were significantly related to pre-eclamptic group in our study thus indicating translocation of microorganisms into the systemic circulation a possibility.

In one of the study conducted by Offenbacher in 2003 cohort of women has had umbilical cord serum assessed for the presence of fetal immunoglobulin M to oral pathogens. 57 (16%) of 351 fetal cord blood samples collected demonstrate fetal immunoglobulin M to the oral pathogen *Porphyromonas gingivalis*, documenting a fetal humoral response to organisms distant from the intrauterine environment and suggesting that translocation of oral pathogens to the uteroplacental unit does occur.

Periodontal disease is characterized by periods of exacerbation interspersed with periods of remission and presents a local microbial burden that initiates local inflammation and local tissue destruction.\[[@ref23]\] We hypothesize that women with active periodontal disease during pregnancy may have transient translocation of oral organisms to the uteroplacental unit, inciting placental inflammation or oxidative stress early in pregnancy, which ultimately produces placental damage and the clinical manifestation of pre-eclampsia.

In the present study, oral hygiene status was not significantly related to the development of pre-eclampsia. This indicates that variation exist among individuals in their susceptibility to periodontitis. Despite considerable accumulation of bacterial plaque, some individuals appear to be resistant to the disease process, whereas others develop disease. These differences relate primarily to variability in the host immune-inflammatory response to the infectious challenge.

Caution should be exercised when interpreting these data, as the etiology of both periodontal disease and pre-eclampsia is likely to be multifactorial. Apart from that, variability does occur due difference in methodology, selection of population, definition of disease and others. Further study on the maternal and fetal inflammatory responses to chronic oral infection and on placental pathology in women with periodontal disease has to be done to determine whether the relationship between periodontal disease and pre-eclampsia is causal or simply associative. If the relationship between maternal periodontal disease and pre-eclampsia risk proves causal in nature, then treatment of periodontal disease during pregnancy may represent a novel approach to the prevention of pre-eclampsia.
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